REPORT  DOCUMENTATION  PAGE 

^i•H(  riMomiiq  ouTMM  for  m  oonoenoo  of  lotonfuooo  i«  moipotoo  to  «vof too  *  '^ou/  Cm  •rtauain 

^jqiowm  moMfUaiwio  wooatt  oooMO.  cawcHwo^  M  nviowiwo  fff«  coHocnoo  of  mformanoo.  Vo«^ 
cottoraon  Of  twfonwa<ww.->wqiw<^  luiifoowi  tor  roouctn^  mt«  oyroon.  to  tVMMnotoo  noaopganan  5«fvi««i 
0«««t  tuqfmm.  S4tfCO  IM4.  AfiMi^aofi.  va  a2I02-4ja2.  aao  to  tfto  Qfftct  of  Manaqomoftt  iao  luooot.  raoofworv  f 


AFRL-SR-BL-TR-98- 


1.  AfilMCY  USI  ONkT  (iMV*  M««ur; 


4.  HTU  ANO  SUITITU 


2.  AiraRT  OATI 

Feb  1998 


Non-Fickian  Diffusive  Transport  in  Modern 
Polymeric  Materials. 


(.  AUTMORtS) 

Donald  S.  Cohen,  Principal  Investigator 


j.  RtRORT  rrr*  ano^oatis  coviRfo  , 

Final  Tech/ll/01/96-10/“ /97 


S.  fUNOtNO  NUMICRS 

F49620-94-1-0044 


7.  PCltfOlUMMQ  OROANIZADON  NAMf(S)  ANO  AOORfS$((S) 

Applied  Mathematics,  217-50 
California  Institute  of  Technology 
Pasadena,  CA  91125 


t.  RfMORMIN«  OROANIZATION 
RirORT  NUMSIR 


9.  SPONSORlNa/MONITOlUNG  ACCNCY  NAME(S)  ANO  AOO«ISS<IS) 


Administrative  Contracting  Office 
AFOSR/PKA 

110  Duncan  Avenue,  Suite  B115 
Bolling  AFB,  D.C.  20332-0001 


10*  SMMSQIUMO/  MONfTQIUMa 
AOINCr  RCrailT  NUMOiJI 


Ua*  OISnUSUTION/AVAILAMiTY  STATfMfNT 

Approved  for  public  release;  distribution  unlimited. 


UO.  OtSTRISUTION  COOf 


13.  AISTRACT  (M^xunum  200  wordsi 

We  have  developed  a  model  for  the  theoretical  description  of  large  classes  of 
problems  involving  diffusive  transport  and  mechanical  relaxation  in  polymers 
undergoing  glass-rubber  transitions.  The  derivation  and  details  of  the  model 
have  been  described  in  previous  progress  reports.  In  the  final  year  of  AFOSR 
support  we  proceeded  simultaneously  in  two  directions,  namely  to  formulate  and 
solv^  moving  boundary  problems  for  the  penetrant  fronts  and  to  investigate 
the  implications  of  the  ’forbidden  shock’  regions  for  diffusive  systems. 


1 9980326  030 


14.  JUIJICT  TERMS 

diffusive  transport,  mechanical  relaxation,  polymer  penetrant 
problems,  non-Fickian  diffusion. 


IS.  MUMtIA  Of  RAOiS 


IS*  fAta  coot 


17.  SCCUtmr  CUSStfKAnON  it.  SIOJMTY  classification  It.  SICUAITY  CLASS^fKAnON  30*  UMTATION OF  AtSTRAa 
OF  RfFCRT  OF  THIS  FAGf  OF  AISTIUCT 

Unclassified  Unclassified  Unclassified  UNLIMITED 


NSN  7S44M1 -280-5500 


Standard  Form  298  (R#v.  2*89) 

0«  Sid.  ^39* •• 


‘  Final  Technical  Report 

AFOSR  Grant  F49620-94-1-0044 
1  November  1996  through  31  October  1997 


Submitted  by: 


Donald  S.  Cohen 
Applied  Mathematics,  217-50 
California  Institute  of  Technology 
Pasadena,  CA  91125 


We  have  developed  a  model  for  the  theoretical  description  of  large  classes  of  problems 
involving  diffusive  transport  and  mechanical  relaxation  in  polymers  undergoing  glass- 
rubber  transitions.  The  derivation  and  details  of  the  model  have  been  described  in 
previous  progress  reports.  In  the  final  year  of  AFOSR  support  we  proceeded 
simultaneously  in  two  directions. 

(1)  Particularly  interesting  and  formidable  were  the  new  classes  of  moving  boundary 
problems  needed  to  describe  the  evolution  of  the  penetrant  front.  Due  to  the 
inherent  multiple  time  and  space  scales  involved,  similarity  methods  could  not  be 
used,  and  multi-scale  techniques  were  devised  for  the  full  partial  differential 
equations  involved.  With  experience  gained  from  developing  our  methods  on 
several  early  simplified  problems  we  have  now  successfully  done  physically  realistic 
problems  for  both  Case  II  and  Super-Case  II  diffusion  into  a  glassy  polymer.  We  have 
isolated  the  parameter  dependencies  and  controlling  factors  for  the  propagating 
diffusive  fronts. 

(2)  Certain  polymer-penetrant  problems  give  rise  to  unusual  nonlinear,  non-Fickian 
diffusion  alone  or  in  combination  with  mechanical  relaxation  and/or  reaction.  The 
unusual  nature  of  these  new  problems  comes  from  the  form  of  the  conditions  at  fixed 
and  moving  boundaries.  Preliminary  results  obtained  byT.  P.  Witelski  in  his  thesis 
research  for  D.  S.  Cohen  indicated  that  evolution  equations  with  interesting  time 
dependent  forcing  account  for  the  propagation  of  sharp  interfaces  and  the  formation 
of  shocks.  This  time  dependence  is  introduced  from  the  original  boundary  conditions 
even  when  there  is  no  time  dependent  forcing  in  the  original  equations.  We  have 
pursued  this  and  studied  the  process  by  which  the  time  dependence  causes  subtle 
changes  in  the  shock  formation  process,  including  the  creation  of  "forbidden  regions" 
where  shocks  are  expected  from  the  more  usual  studies  of  reaction-diffusion 
equations  subject  to  standard  mathematical  boundary  conditions,  but  where  they  can 
not  form  in  the  present  problems.  This  will  have  serious  implications  with  regard  to 
the  fabrication  and  design  of  many  polymeric  materials. 
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